This population-based case-control study investigated associations between prostate cancer risk and dietary intake of the carotenoids {J-carotene and lycopene and their major plant food sources, including carrots, green leafy vegetables, and tomato-based foods. The study was carried out in Auckland, New Zealand, during 1996-1997 and recruited 317 prostate cancer cases and 480 controls. The authors found that dietary intake of P-carotene and its main vegetable sources was largely unassociated with prostate cancer risk, whereas intake of lycopene and tomato-based foods was weakly associated with a reduced risk. These results suggest that in contrast to the findings regarding many types of cancers, vegetables rich in (J-carotene are not protective against prostate cancer. However, lycopene from tomato-based foods was found to be associated with a small reduction in risk. Am J Epidemiol 2000; 151:119-23.
Dietary factors, particularly the consumption of fat, have been identified most consistently as likely environmental risk factors for prostate cancer (1, 2) . In contrast to many of the other major cancer sites, for which protective effects of fruit and vegetable consumption have been described, relatively few epidemiologic studies have reported inverse associations between prostate cancer risk and consumption of plant-derived foods (3, 4) . There has been particular interest in the potential anticarcinogenic properties of the major carotenoids, including [J-carotene and lycopene (5) . Previous prostate cancer studies have most commonly investigated dietary intake of |3-carotene and its main food sources (carrots and green leafy vegetables), but these exposures have not been associated strongly or consistently with prostate cancer risk (1, 2) . There is limited evidence for a reduction in prostate cancer risk associated with dietary intake of lycopene and the tomato-based foods from which it is mainly derived (6, 7) . Lycopene is one of the most effective oxygen radical quenching agents among the carotenoids (8, 9) and is found in relatively high concentrations in the prostate gland (10) . The aim of the current analyses was to further investigate associations between prostate cancer risk and dietary intake of lycopene and p-carotene and their major food sources.
MATERIALS AND METHODS
The Auckland Prostate Study was a populationbased case-control study carried out in the greater metropolitan area of Auckland, New Zealand. The study population included all men aged 40-80 years who usually resided in the Auckland area during the 13-month study recruitment period that began in January 1996.
In this Auckland population, almost all men with newly diagnosed prostate cancer attend urologists, who are located in either one public hospital-based clinic or one of three private clinics with a total of seven urologists. In our study, all public hospital urology clinic attendees and patients attending five of the seven private clinic urologists were eligible for participation. The study recruited prostate cancer cases after they had been identified from urology clinic referral lists and histology reports (all cases of prostate cancer were confirmed histologically). For the majority of prostate cancer cases, exposure data were collected following the initial urology clinic referral, before the men learned of their cancer diagnosis. This "prospective" method of recruitment aimed to improve response rates and reduce recall bias. Backup methods were used to identify remaining prostate cancer cases retrospectively from histology, biopsy clinic, and operating lists. A subgroup of men with "clinically significant" disease was defined prior to study analyses 120 Norrishetal.
(cases with documented pathologic or radiologic evidence of tumor invasion beyond the prostate capsule or a tumor with a combined Gleason's score of >7).
The controls were men aged 40-80 years with no history of prostate cancer who were selected randomly from the Auckland general electoral rolls. They were group-matched to cases on a monthly basis during the study recruitment period by using 10-year age groups and an approximate case-control ratio of 1:1.5.
Identical procedures were used to collect exposure data from cases and controls. Study participants completed self-administered questionnaires that included a validated food frequency questionnaire on 107 food items (11) and a general questionnaire covering personal, sociodemographic, anthropometric, medical, and lifestyle data. Research nurses visited all participants at their homes to obtain blood samples (not relevant to the current analyses) and to check the completeness of the responses to the questionnaires, which had been mailed to participants 1-2 weeks previously. Participants for whom responses were missing were encouraged to complete the questionnaires (selfadministered) during the visit. A supplementary food frequency questionnaire was administered to participants via a telephone interview at the completion of the study recruitment period. The goal was to collect more detailed data about tomato-based foods, including cooked tomatoes, tomato soup or puree, tomato juice, tomato sauce (ketchup), and tomato-based pasta dishes. Although the nurse-interviewers were not blinded to the case-control status of participants, neither they nor the participants were aware of specific hypotheses concerning diet and prostate cancer risk.
Nutrient consumption was estimated from the food frequency questionnaire data and New Zealand food composition tables (12) . Estimates of lycopene intake from fruit and vegetables were derived from US food composition data (13) . Standard New Zealand recipes (14) were used to derive "typical" ingredients and nutrient values for food dishes. Categories of food and nutrient exposure were defined by quartiles based on the distribution of consumption among controls. Odds ratios for total and advanced prostate cancers were calculated for exposure categories; the reference group constituted the lowest quartile. Age-adjusted, energyadjusted, and multivariate-adjusted odds ratios were calculated by using an unconditional logistic regression model. Socioeconomic status was defined by participants' usual current or former occupation (if retired) according to the modified Elley-Irving Classification (15) . For a test for overall trend across categories, we used the p values from a logistic regression model that included ordinal terms for each quartile of intake as well as confounding covariates.
RESULTS
Participants in the Auckland Prostate Study included 317 prostate cancer cases (77 percent response rate) and 480 controls (71 percent response rate). The supplementary food frequency questionnaire on tomatobased foods was completed by 281 cases and 442 controls, resulting in overall response rates for the tomato food-based analyses of 68 percent (cases) and 65 percent (controls). The main reasons that participants did not respond to the supplementary questionnaire were that their telephone numbers had been disconnected or were unavailable, they had died, or they had moved away since the original study interview was conducted. The results of our analyses of 192 clinically significant prostate cancers (more advanced stage and grade) showed few significant differences compared with the group of total cancers.
The study population comprised men predominantly of European descent (96 percent), with only a small proportion from Maori (2 percent), Pacific Island (1 percent), and other ethnic groups (1 percent). For the cases and controls, sociodemographic and other characteristics considered to be potentially confounding variables in the current analyses are described in table 1. Height was positively associated with prostate cancer risk, but no association was observed for weight or body mass index (data not presented). Age-adjusted, energy-adjusted, and multivariate-adjusted odds ratios for total prostate cancer cases are presented in table 2. Consumption of (3-carotene and its major dietary sources, including green leafy vegetables and carrots, was largely unrelated to prostate cancer risk. A possible protective association was observed for consumption of tomato-based foods and for lycopene intake, but the differences in effect estimates between the upper and lowest quartiles were relatively small and were not statistically significant. There was no monotonic gradient of effect for lycopene. Consumption of raw tomatoes was not associated with prostate cancer risk. Because there was an inadequate range of exposure to the other individual tomato-based foods, we could not conduct quartile-based analyses.
DISCUSSION
The results of this case-control study support previous findings (6) showing a possible reduction in risk associated with consumption of tomato-based foods but not carrots or green leafy vegetables. In the current analyses, the estimates of effect were relatively small, and most failed to reach statistical significance at the 95 percent level. This finding may be attributed to the limited size of true effects for individual diet components, inadequate study power, nondifferential mis- * Does not include men whose cancer diagnosis was made incidentally following transurethral surgery, whose serum prostate-specific antigen was In the normal range, and whose tumor was assessed to be localized with a combined Gleason's score of £6.
t Total numbers may be incomplete because of missing data for some observations.
classification of exposure arising from food frequency questionnaire measurement error, and a limited ability to observe significant effects because of a lack of heterogeneity of dietary exposure among the participants, who were predominantly of middle and upper socioeconomic status and European descent. A comparison of cases recruited to the study prospectively (n = 190) and retrospectively (n = 127) in relation to their prostate cancer diagnoses showed little difference in the estimates of effect for the fruit and vegetable exposures examined, suggesting minimal influence by recall bias on responses to the self-administered questionnaire. There was also little evidence of recall bias resulting from telephone administration of the supplementary questionnaire on tomato-based foods. Data regarding consumption of raw tomatoes were collected in both the original, self-administered questionnaire and the supplementary questionnaire by using the same question. Odds ratios for the consumption of raw tomatoes, estimated from data derived from the two questionnaires, were almost identical, suggesting minimal differences in recall of tomato consumption arising from the supplementary interview. In New Zealand, no general publicity concerning the findings of previous investigations of prostate cancer risk and tomato-or other plant-based foods preceded our study, and minimal if any awareness of study hypotheses was anticipated among participants during data collection.
The potential for selection bias in our study arose as a result of incomplete recruitment responses and case identification. The effects of incomplete recruitment are difficult to estimate since we were unable to characterize the initial nonresponders. The Auckland Prostate Study identified cases from all public hospital urology clinics, who accounted for 67 percent of all prostate cancer cases. The cases attending two of seven private urologists who were excluded from the study were estimated to represent only 9 percent of the total number of cases and were expected to be representative of private cases overall. While their exclusion may be expected to contribute to differences in the socioeconomic status of cases and controls, all analyses were adjusted for this variable. Larger cumulative nonresponse rates applied to the supplementary questionnaire on tomato-based foods. A comparison of responders and nonresponders to the supplementary questionnaire showed minimal differences for total energy or fat intake. Nonresponding controls (n = 38) had a lower socioeconomic status and mean daily vegetable consumption compared with responders (differences were minimal for cases). However, the potential for selection bias of the risk associated with processed tomato-based foods is unclear, since consumption of these foods was poorly correlated with vegetable consumption in our study population. Moreover, when additional analyses were restricted to supplementary questionnaire responders, • OR, odds ratio; Cl, confidence interval. t Energy-adjusted logistic regression model including terms for age and total kj (quartile categories). % Multivariate logistic regression model including terms for age, height, total nonsteroidal anti-inflammatory drugs, and socioeconomlc status.
§ ^-Carotene equivalents = u.g (J-carotene + 1/2 u.g of other provitamin A carotenoids. H Green vegetables = broccoli + silver beet/spinach/puha + cabbage/cauliflower/brussels sprouts + lettuce/ green salad.
# Aggregated food group includes raw tomatoes + cooked tomatoes + tomato juice + tomato soup + tomato sauce + tomato-based pasta dishes (e.g., lasagne, spaghetti bolognaise).
the multivariate-adjusted odds ratios for prostate cancer associated with consumption of raw tomatoes, other vegetables, and P-carotene differed minimally from the risks estimated for the total study population.
Serum levels of lycopene have been shown to be inversely associated with the risk of prostate cancer (16) , cervical intraepithelial neoplasia (17) , and bladder and pancreatic cancers (18 inverse associations between prostate cancer risk and consumption of lycopene and processed tomato-based foods are similar to the results of analyses from the Health Professionals Follow-up (HPFU) Study (6) , but a weaker effect estimate was observed in our study. The median intake of lycopene in our study population was 1,212 |ig/day, less than half that of subjects in the HPFU Study. This finding is likely due to true differences in the levels of consumption of tomato-based foods in the two study populations and differences in the dietary assessment instruments used (consumption of tomatoes and tomato juice has been shown to be overreported in the HPFU Study food frequency questionnaire compared with estimates from food records (19) ). Lower levels of consumption of tomato-based foods reported by New Zealand men resulted in a more limited range of exposure to lycopene in our study population and may have contributed to the smaller estimate of effect. The HPFU Study observed a stronger protective effect for tomato paste compared with raw tomatoes and no effect for tomato juice. In our study, consumption of raw tomatoes was not associated with a reduced prostate cancer risk. It is possible that these observations may be explained by a greater lycopene concentration (13) and bioavailability (20) in processed tomato-based foods such as tomato sauce or paste.
Consumption of carrots and green leafy vegetables, both of which are rich sources of (3-carotene, was not protective against prostate cancer. It may be hypothesized that the potential of P-carotene for conversion to vitamin A may explain these findings. Preformed vitamin A has been positively associated with prostate cancer risk in our study (data not presented) and a number of previous investigations (2) . However, there is little evidence that increased dietary intake of provitamin A carotenoids such as (3-carotene will lead to increased serum vitamin A levels in persons with an adequate vitamin A status (21) , particularly when green leafy vegetables constitute the main dietary source (22) .
In conclusion, the results of our study provide no evidence for a protective effect on prostate cancer risk from consumption of plant-derived foods rich in (3-carotene. However, weak inverse associations were observed for lycopene intake and for consumption of tomato-based foods.
